We have selected archival observational data for several O and B trapezia in the Milky Way. For each of the main components of the trapezia we obtained transverse velocities from the historical separation data. With this information, and with the stellar masses of the main components, we studied the dynamical evolution of ensembles of multiple systems mimicking each one of the trapezia. For this purpose we conducted numerical N −body integrations using the best available values for the masses, the observed positions and transverse velocities, randomly generated radial velocities, and random line-of-sight (z) positions for all components. Random perturbations were assigned to the observed quantities, compatible with the observational errors. A large fraction of the simulated systems (between 70 and 90 percent) turned out to be unbound. The properties of the evolving systems are studied at different values of the evolution time. We find that the dynamical lifetimes of both the bound and unbound seems to be quite short, of less than 10 000 yr for the unbound systems, and of 10 000 to 20 000 yr for the bound systems. The end result of the simulations is usually a binary with semiaxes of a few hundred AU sometimes a triple of hierarchical on non-hierarchical type. Non-hierarchical triples formed during the integrations (which are dynamically unstable) were found to have much longer lifetimes, of 250 000 to 500 000 yr. The frequency distributions of the major semi-axes and eccentricities of the resulting binaries are discussed and compared with observational properties of binary systems from the literature.
INTRODUCTION
A recent study of the dynamical evolution of the Orion Trapezium (OT) showed that it is probably very unstable and not likely to survive for more than 10 000 years, unless the combined mass of component C was about 65 M⊙ (Allen et al. 2017) . With this assumption, the lifetime of the system turned out to be between 10 000 and 50 000 years. A previous study of the minicluster θ 1 Ori B (Allen et al. 2015 ) also showed a short dynamical age for this system, ⋆ E-mail: chris@astro.unam.mx of about 30 000 years, compatible with that of the entire Trapezium only if we assume the larger mass for component C. These results motivated us to look in the literature for additional data for multiple systems of trapezium type in order to study whether their dynamical evolution would be similar to that of the prototype, the Orion trapezium.
To our knowledge, studies on the dynamical stability of trapezium-type systems still remain scarce in the literature. Examples include ; Pflamm-Altenburg & Kroupa (2006) , and Allen et al. (2017) . studied a sample of 30 massive systems, simulating their dynamical evolution by N-body integrations. These systems had trapezium-like initial positions and virialised velocities. Their main conclusion was that after 30 crossing times (corresponding to about 1 million years) only 30% of the systems survived as trapezia. In another study, Pflamm-Altenburg & Kroupa (2006) found that the probability of survival of a trapezium after 5 000 years was 14% and that after 10 6 years only about 4% of the trapezia survived as such. The results of these two studies, though, are not directly comparable, because of different assumptions, parameters, and definitions in both.
We follow the definition of Ambartsumian (1954) for a trapezium. Let a multiple star system (of 3 or more stars) have components a, b, c, and let ab, ac, bc, .. be the distances between the components. If three or more distances are of the same order of magnitude, then the multiple system is of trapezium type; if no three distances are of the same order of magnitude, then the system is of ordinary type. (For the sake of clarity, we shall call these systems hierarchical systems). Two distances are of the same order of magnitude in this context if their ratio is greater than 1/3 but less than 3. Normally, only the separations projected on the plane of the sky are available. Using these, the sample of observed trapezia will contain, in addition to true trapezia also optical trapezia and pseudotrapezia. An optical trapezium is an apparent multiple system whose components are not physically connected, but appear close together due to projection. A pseudo-trapezium is a multiple system of hierarchical type that appears to be a trapezium due to projection. Based on data then available, Ambartsumian showed that the number of pseudotrapezia is small only among multiple systems of spectral types O and B. As we shall see later, Abt & Corbally (2000) were able to refine and update this analysis.
A comprehensive search in the literature provided us with observational data on 29 trapezium-type systems. However, not all of them proved suitable for numerical modelling. We discuss in Section 2 the criteria we used for the selection of the trapezium systems suitable for this dynamical study. Section 3.1 presents the data for the transverse velocities and their uncertainties. Section 3.2 is devoted to an examination of the available material on the masses of the individual trapezium members. Section 4.1 describes the initial conditions taken and the numerical integrations performed to model the dynamical evolution of ensembles of trapeziumlike systems. The general outcome of the modelling of the individual trapezia of spectral type O is presented and discussed in Section 4.2, that of the B-type trapezia in Section 4.3. Section 5.1 discusses the unbound systems. Section 5.2 is devoted to an analysis of the lifetimes of the modelled systems. Section 5.3 presents the velocity distribution of the ejected stars, and Section 5.4 deals with the properties of the binaries formed during the integrations. Finally, in Section 6 we summarise our results and conclusions.
TRAPEZIA SELECTION CRITERIA
The trapezia used for this investigation were selected from several sources (Allen et al. , 2004 Abt 1986; Abt & Corbally 2000) . Our first selection criterion was that data on the proper motions of the primaries were available. This enabled us to ascertain whether, and which, of the secondaries were likely to be physical members of the systems. In this way we were able to eliminate systems with optical components corresponding to stars that appear close the trapezia, but are located at different distances and hence show discrepant proper motions. Careful studies were conducted by Abt (1986) and Abt & Corbally (2000) , by means of CCD photometry, spectroscopy and astrometry. They observed the components of candidate trapezium systems from an unpublished catalogue by Allen. They found, among other things, that the magnitudes listed in the IDS were systematically too bright. They measured angular separations and position angles between components, and determined accurate stellar magnitudes; they also constructed colour-magnitude and colour-colour diagrams which, along with spectroscopy, allowed them to estimate distances to the individual components of the systems, and thus to discard foreground and background stars as non-members. Their final list included 28 candidate trapezium systems. A previous study by Ambartsumian (1954) showed that about 9% of the hierarchical multiple systems should appear as trapezia in projection. These pseudo-trapezia, like other hierarchical systems, have a broad distribution of primary spectral types. Ambartsumian (1954) concluded that the systems most likely to be true trapezia were those with primaries of spectral types O and B. Abt (1986); Abt & Corbally (2000) were able to refine this criterion, and concluded that, among their list, the systems most likely to be true trapezia were those with primaries of spectral types B3 and earlier, plus two later-type evolved systems that, while on the main sequence, had spectral types B3 and B1. However, these two systems do not appear in their Table 3 , so no further information on them is available. Only 12 of the remaining systems in Abt & Corbally (2000) are of type B3 and earlier. We adopted these 12 systems as our primary material, and tried to increase the sample with 3 trapezia considered to be physical by . However, two of these turned out to have spectral types later than B3, so they were discarded. This process left us with a list of 13 systems which, according to the criteria listed, are likely to be true trapezia, Next, we requested the historical data on separations and position angles for these 13 trapezia from the WDS catalogue (Mason et al. 2001) , which were kindly supplied by B. Mason, and from which we estimated the angular separation velocities. With the best available distances for these systems (mostly by Abt (1986) ; Abt & Corbally (2000) ) we were able to calculate the separation velocities in kilometres per second. Some of these turned out to be very large, larger than about 50 km/s, thus exceeding by much the plausible escape velocities. We took this as an in-dication that the corresponding component was most likely an optical companion. In this way we excluded the following systems: ADS 15834, ADS 15387, ADS 13368. This left us with a final sample of 10 trapezia, three with primaries of spectral type O, seven with B3 or earlier primaries.
The recent publication of the Second Gaia Data release contains a plethora of data, but its usefulness for the analysis of the kinematical and dynamical behaviour of trapezium systems is still to be ascertained. Potential problems include the presence of close companions (which are treated by Gaia as single stars) and many possible undetected binaries. Furthermore, no radial velocities for the trapezium components are yet available. Since the primaries of or systems are all of early spectral type it is uncertain whether they will become available in the near future. At the present time, we did not find Gaia data relevant for our study.
The list of the systems we will study is presented in Olivares et al. (2013) . The errors assumed for the historical visual observations were taken from . We only used measures by the "Best" and "Good" observers, as listed in . Their errors are estimated to be from 0.07-0.08" for the "Best" observers, and from 0.10-0.12" for the "Good" observers. The errors for modern observations were estimated from the average differences in separation measures by the same observer at roughly the same time. We are aware that by using only separation velocities we are underestimating the space velocities. This would tend to make the systems more dynamically stable; as we shall see later, this is a conservative approach. Table 2 summarises the data available for the 10 selected trapezia. The first column gives the trapezium ADS number, the second the distance in parsecs, the third shows the pairwise association with Component A, the primary trapezium star. Columns four, five, six and seven show the position angle (in degrees), the relative separation (in arcsec), the relative separation (in AU) and the rate of change of the separation of the companion star with respect to star A (in arcsec per year). Finally, the last column lists the relative separation velocity (in kilometres per second).
The Masses of the Main Components
The mass we assigned to each of the trapezium components was the one that corresponds to the spectral type of the component, when available. To this end, we adopted the empirical masses listed by Andersen (1991) Although we also consulted more recent theoretical calibration we decided to use the empirical data, interpolating when necessary. We found a few cases with dynamical determinations of the mass of the primary (when it is a spectroscopic binary). Such cases were ADS 13374A, for which a dynamical mass was obtained by Underhill & Hill (1994) , ADS 15184A, with a dynamical mass obtained by Harvin, Gies & Penny (2003) , ADS 11169A, for which we took the dynamical mass of Hohle, M. M., Neuhäuser, R. & Schutz, B. F. (2010) and ADS 10049A, for which Novaković (2007) determined a dynamical mass. For the masses of the secondaries we proceeded as in the other cases. When no spectral type was available, mostly in the case of the weaker components, we drew upon the published B-V colour of these, corrected by the mean colour excess -presumably due to interstellar reddening-of the brighter components with published spectral type. This unreddened colour index was then assumed to be the intrinsic one of a main-sequence star to which a mass can be assigned according to the calibration by Habets & Heintze (1981) . Table 3 summarises the adopted masses for the selected trapezia. We expect mass errors to be at least of the order of 10%. If undetected companions are present among the stars studied, the masses could be much larger. In fact, it is known that the majority of OB stars have close companions (Sana et al. 2012 (Sana et al. , 2014 Moe & Di Stefano 2017) . To allow for these uncertainties, we will also study the effect of doubling the masses for some trapezium systems. 4 THE DYNAMICAL MODELLING
Initial Conditions and Numerical Integrations
To model the dynamical evolution we conducted N-body simulations of the selected trapezium systems. To accomplish this, we need a set of initial conditions, as well as masses for the individual components. The positions and transverse velocities, along with the distance to each system, provide four of the needed initial conditions, as described in Section 3.1. The masses were assigned as described in the previous section. Radial velocities of the individual components are not readily available. In their study of trapezia, Abt (1986) and Abt & Corbally (2000) obtained spectra of 120 stars in 31 candidate trapezia. They were able to classify these stars and estimate their distances. However, their material had insufficient resolution to determine radial velocities. We have no information about the extent in "depth" of the systems. We adopt a Monte Carlo model to assign random values to these quantities, assuming that the z-coordinate will be contained within the radius of the system, and the z-velocity will be of the same order as the transverse velocities of the components. These quantities were drawn from normal distributions, centered respectively on zero and on the velocity centroid, and with dispersions equal to half the radius and to the transversal velocity dispersion, respectively . To the four known quantities we assign perturbations compatible with their observational uncertainties, as given in the previous sections. The perturbations are again drawn from normal distributions, with dispersions representing the uncertainties. In this way, a set of 100 initial conditions was generated for each system, and these were the starting points for the numerical integrations. To integrate numerically these systems we used the code by Mikkola & Aarseth (1993) , which implements a chain regularisation scheme and is well suited for small N-systems. Indeed, the fractional error in the energy at the end of the computations was always smaller than 10 −11 . In the following paragraphs we present some of the results obtained for the ensembles associated with each system.
The O-trapezia
(i) ADS 719 This 5-component system includes an O5V primary and thus resembles the Orion Trapezium, but it is situated at a much larger distance (1500 pc), and the component masses are smaller (if no undetected binaries are present). Abt & Corbally (2000) consider that component E is a background star. We ran simulations both including and excluding component E. In the 5-component simulations, star E always escaped right at the beginning of the evolution. Also, a large fraction (59%) of the generated systems turned out to be unbound, i.e. their total energy was positive. We obtained "snapshots" of the evolutionary status at 1, 5, 10 and 25 crossing times. A crossing time corresponds to about 10 000 years. The 4-component simulations, which are surely more realistic, show that all generated systems are initially bound. Snapshots were obtained at 1, 2, 5, 10, 25, and 50 crossing times. The results are shown in Table 4 . Figure 5 displays as a function of time the number of different systems resulting from the evolution of the ensemble of 100 trapezia simulating ADS 719. We show the numbers of trapezia of type (1, 2, 3, 4) , where all components remain at similar separations, and of type (1-2,3,4) where two components formed a close binary. We also distinguish between hierarchical triples, HT, (a close binary attended by a distant companion, hence probably stable) and non-hierarchical triples, NHT, (three stars at similar separations, hence probably unstable). Finally, we show the number of binaries (B) formed.
(ii) ADS 13374 This system comprises 6 components, with a WN5+O9I primary. However, component C has an extremely large transverse velocity (245 km/s), and is unlikely to belong to the trapezium. Thus, we excluded this component from the integrations. All the 5-component systems generated turned out to be unbound, and thus they rapidly disperse. Since the masses are quite uncertain due, among other things, to the presence of many undetected binaries and multiples among early-type stars, we ran simulations with twice the value of the masses. Even with this assumption the generated systems remained unbound. We also con- sidered the possibility that the distance was overestimated, but we would have to assume ADS 13374 to be 10 times closer in order to obtain bound systems. This is certainly unrealistic. The results on this system, as well as other unbound ones, will be discussed later. Here we only note that ADS 13374 has the latest-type primary among the O trapezia, (WN5+O9I); thus, the spectral type of the primary already shows that it is an evolved star. Note also the scarcity of historical positional data for this system.
(iii) ADS 15184 This trapezium has four components, with a primary of type O7V. Of the 100 generated systems, only two turned out to be bound. As in the case of ADS 13374 we ran simulations with twice the value for the masses. With this assumption, most (78) of the generated systems turned out to be bound. The dynamical evolution showed that after 1 crossing time 98 systems consisted only of a binary; the other two cases showed a bound hierarchical triple. After 10 crossing times only one system remained as a triple. Therefore, the dynamical evolution is in this sense complete after only 10 000 years. The dynamical lifetime of this trapezium, even assuming rather large values for the masses, is smaller than 10 000 years.
The B-trapezia (i) ADS 1869
This trapezium has only 3 components, with a primary of type B2Vn. All 100 generated systems turned out to be unbound, and they dispersed rapidly, within one crossing time.
(ii) ADS 2843 This trapezium has 5 components, with a primary of type B1I. However, Component D has a rather large transverse velocity (71 km/s) and is probably a nonmember. We excluded it from the computations. The generated systems all result unbound, so they are already dissolved after the first crossing time. Even with twice the value for the masses the systems remain unbound. The distance (or the velocities) would have to be a factor of 10 smaller, for the the systems to become bound. We consider this an unrealistic assumption.
(iii) ADS 4728 This is a 4-component trapezium, with a primary of type B1V. Just as in the case of ADS 2843, all the generated systems turned out to be unbound, and were already dispersed after the first crossing time. Again, we assumed twice the value for the masses, but all the systems remained unbound.
(iv) ADS 10049 This trapezium has four components with a primary of type B2V. Only 32 out of 100 simulated systems resulted bound. The unbound systems quickly dissolved, often producing a binary. After 10 crossing times the bound systems consisted of a triple. Star C (the least massive one) always escaped right at the beginning of he runs. The lifetime of this system is thus less than 10 000 yr. Assuming masses twice as large we obtained bound systems in 95 of the generated cases. The dynamical evolution showed that the least massive star (Component C) almost always escaped, leaving a triple system. A strong tendency for Components A and B to form a binary is observed (in 97 of the cases). Results at 1, 2, 5 and 10 crossing times are shown in Table 5 and Figure 6 for the larger mass values. Although the lifetime of this system as a 4-component trapezium is less than 10 000 yr, the non-hierarchical (and thus unstable) triple systems survived for longer times; after 10 crossing times (100 000 yr) there were still 13 non-hierarchical triples present.
(v) ADS 11169 Five components are listed for this system, with a primary of type B9Ia. However, Component C is likely to be a foreground star according to Abt & Corbally (2000) . Indeed, it has a large transverse velocity (27 km/s), and was excluded from the integrations. All generated 4-component systems turned out to be unbound, and are already dispersed after 1 crossing time. Even assuming masses a factor of two larger, the generated systems remain unbound.
(vi) ADS 13292 Here we have a 3-component system, with a primary of type B1Vn. Just as for the case of ADS 1869, all 100 generated systems turned out to be unbound, and they dissolved within one crossing time.
(vii) ADS 16795 This trapezium has five components, with a primary of type B3V. The generated systems all result unbound, and quickly disperse, in less than one crossing time. The dynamical status of this trapezium is similar to that of ADS 1169, ADS 2843 and ADS 11169, which are all unbound. They will be further discussed below.
RESULTS

The Number of Unbound Systems
The number of unbound systems found is surprisingly large. Indeed, taking values for the masses as in Table 3 , 9 out of 10 systems turned out to be unbound. This is strange, since the systems were carefully selected to exclude optical companions and pseudo-trapezia. Of course, one expects star formation to occur in bound protostellar entities, and trapezia are young systems, which are expected to continue to be bound. The large number of unbound systems found among the modelled ensembles of trapezia could be due to the presence of one (or more) optical companions in the system. An illustrative example of this situation is ADS 719. This trapezium has 5 components, one of which, Component E, is considered to be a optical by Abt (1986) . A test ensemble was generated including Component E, and resulted in 69 unbound systems. If Component E is excluded, as it should be, the generated ensemble resulted in 100 bound systems. A similar situation could be happening in other cases, in which one (or more) unidentified optical companion has been inadvertently included in the modelled ensembles. Another possibility is that, as a result of a very early dynamical evolution, one (or more) binaries have already formed, but are as yet undetected. These early binaries would absorb a large fraction of the binding energy of the primeval trapezium, and could account for the apparent unboundedness of the systems. With average major semi-axes of 2000 AU these undetected binaries, situated at distances of roughly 1000 pc (or more) would show separations of 2 arcsec or less, with vanishingly small traces of orbital motion. They would show small common proper motions and common radial velocities. The discovery of these binaries, resulting from the early dynamical disintegration of trapezia, is thus a challenging problem for observers. Yet another possibility could be a massive gas loss in the very early stages of formation. This has been recently proposed by Bravi et al. (2018) to explain the supervirial status of three out of four open clusters they studied using Gaia-ESO Survey data.
We carried a test of our conjecture that the observed trapezia have already undergone considerable dynamical evolution, that is, that they are dynamically "old", by looking for HII regions around the O-type trapezia. We examined the red images in 2MASS and SDSS. If HII regions are similar to the prototype, the Orion Nebula, they are expected to dissipate after about 15 000 yr (O'Dell et al. 2009 ). Of the three O-type trapezia in our list, only ADS 719 is still surrounded by a bright nebula. We interpret this as an indication that ADS 13374 and ADS 15184 are now already dynamically "old", older than 15 000 years, the estimated age of the Orion Nebula (O'Dell et al. 2009 ). This time is sufficient for substantial dynamical evolution (Allen et al. 2015 (Allen et al. , 2017 . We note that among the O-type trapezia, ADS 719 has the earliest spectral type, and could be the youngest. In contrast, ADS 13374 has the latest spectral type and, having a primary of spectral type WN5+O9I, already shows signs of stellar evolution. This is entirely consistent with the dynamical results we find. As we discuss below, the dynamical lifetime of ADS 719 is 10 000 to 20 000 yr, while ADS 13374 appears now as an unbound system, without traces of an HII region around it, presumably because it is much older than 15 000 years, has already dispersed its nebula, and has undergone significant dynamical evolution.
The Lifetimes of the Modelled Systems
For a quantitative assessment of the lifetimes, we define the "dynamical lifetime" of a system as the time necessary for one half of the original population to have evolved into nontrapezium configurations. The lifetimes of the unbound systems are, of course, extremely short, of the order of a crossing time (10 000 yr) or less. The unbound systems are ADS 2843, ADS 13374, ADS 11169, ADS 16795, ADS 15184 (with nom-inal values for the masses of the components), ADS 10049 (also with nominal masses), ADS 1869, ADS 13292 and ADS 4728. But, as discussed above, it makes little sense to talk about lifetimes of unbound systems, since they could include optical companions, or could be already in a later stage of their dynamical evolution, with one or more undetected binaries.
The lifetimes of the bound systems are also quite short. In Table 4 and Figure 5 we present the results for ADS 719. It can be seen that after only 2 crossing times (20 000 yr) only 41 trapezia remained as such, out of the original 100. So, the lifetime of ADS 719 as a four-component trapezium is between 10 000 and 20 000 yr. However, at TC=2 a further 43 non-hierarchical triples remained, and even at TC = 25 still 53 non-hierarchical triples survived. So, the lifetime of the dynamically unstable subsystems remaining from the evolution of ADS 719 is longer, of the order of 250 000 -500 000 yr.
The trapezium ADS 10049 with the masses as given in Table 3 turned out to be unbound in 68 percent of the cases, with a lifetime much shorter than 10 000 yr. Star 3 escaped right at the beginning of the runs. We decided to simulate this system assuming the extreme case that it was composed of undetected binaries, and took masses twice as large for the individual components. With this assumption 94 percent of the systems resulted bound. We obtained the results shown in Table 5 and Figure 6 . Already after 1 crossing time (10 000 yr) the systems disintegrated, giving mostly hierarchical triples. In 97 percent of the cases Stars A and B quickly formed a binary, accompanied by a distant Star D. In 97 percent of the cases Star C was an early escaper. The lifetime of this system, even assuming masses twice as large as given in Table 3 , is thus less than 10 000 yr. The very short lifetimes we find, as well as the large number of unbound systems, indicates that trapezia should be rare. Actually, we found only 3 true O trapezia. The number of O stars known with B<12 (Maíz Apellániz et al. 2013 ) is about 800. The mean age of an O star is about 500 000 years, which is large compared to the dynamical lifetimes of bound trapezia (at most 50 000 years for the Orion Trapezium, Allen et al. (2017) ). If O stars are formed in trapezium-like groups (it appears difficult to form isolated massive stars), then roughly 80 O-trapezia should be found. The scarcity of observed true trapezia is suggestive of very short dynamical lifetimes for these systems. Only a few survivors are actually found. Figure 7 shows, as an example, the velocity distribution of the stars that escaped during the simulation of ADS 719. As the figure shows, the ejected stars have small velocities, of the order of a few km/s. In rare cases, velocities as large as 10 km/s appeared, signaling a few close encounters. Simulations for the other trapezia also produced low velocity escapers, similar to the results for ADS 719. No runaway stars were formed.
The Velocity Distribution of the Ejected Stars
The Properties of the Binaries Formed in the Numerical Simulations
As an example, Figure 8 shows the distribution of major semi-axes of the binaries formed during the evolution of the ensembles resembling ADS 719, Figure 9 that of the eccentricities. The major semi-axes cluster around a value of 750 AU. The bound systems produced binaries as a result of their dynamical evolution. Some of the unbound systems also produced binaries, very early in the computations. All these binaries will presumably end up as field binaries, and we show their combined properties in Figures 10, 11 and 12. The properties of the binaries for the bound and unbound systems appear to be different (see Figs. 10, 11 and 12) . The orbital eccentricities of the binaries coming from both bound and unbound systems tend to a thermal distribution (Heggie 1975) , but the binaries produced in the unbound systems show a considerably flatter distribution. The mean values for bound and unbound systems are also different, e = 0.81 and e = 0.62, respectively. For comparison, the mean value expected for a thermal distribution is e = 0.66 (Ambartsumian 1937) . Many binaries stemming from unbound systems have eccentricities smaller than (∼ 0.5), and as low as (∼ 0.05), whereas for the bound systems no binaries with eccentricities of less than (∼ 0.35 − 0.45) are found. Observationally, there is no consensus on the distribution of eccentricities of field binaries. While Duquennoy & Mayor (1991) as well as Moe & Di Stefano (2017) find that it is thermal (at least for the larger semiaxes), Duchêne & Kraus (2013) and Raghavan et al. (2010) do not. As far as the values of major semi-axes are concerned, the bound systems favour the formation of binary systems with values of a with a maximum around ∼ 750 AU. This value corresponds approximately to the situation where the binding energy of the initial system is absorbed by a single binary. As can be expected, the unbound systems favour the formation of wider binaries. The distribution shows a maximum at ∼ 3500-4000 AU, but many wider binaries are produced, with semi-axes as large as 20 000 AU. However, most of the binaries with a > 7000 AU turned out to be transitory associations and did not persist over time. They were not plotted in Figures 10-13 . Although field binaries with a values similar to those produced in the bound systems are frequent, the distribution of major semi-axes found in our simulations is not directly comparable with that of the observed field binaries, since they presumably stem from different formation processes. Even if most of them originate in trapezium-type systems their binding energies (and hence the semi-axes of the binaries formed) will be different. The observed distribution of semi-axes is thus likely to be a superposition of the binding energies of many dissolved systems. Figure 12 presents the distribution of the mass ratios (large mass/small mass) for the binaries formed in bound (blue cross-hatched) and unbound (red shaded) trapezia. The distributions are different. Whereas binaries from bound trapezia have mass ratios in the range 2.0 to 3.5, those from unbound trapezia tend to more extreme values, either towards lower (1.0-1.5) or larger values (4.5-5.0). Figure 13 is a plot of the major semi-axes as a function of eccentricity for all simulated ensembles. The red dots, corresponding to the bound systems show that very few systems with eccentricities smaller than 0.2 are found, at all values of the semi-axes. This is in accordance with observations (Raghavan et al. 2010; Sana et al. 2012 Sana et al. , 2014 Moe & Di Stefano 2017) . For larger values of the eccentricities the distribution seems to be random. The figure also shows that unbound systems produce binaries with more extreme characteristics. For semi-axes smaller than about 5 000 AU most binaries have eccentricities smaller than 0.4, and quite a few appear at e 0.2. This does not accord with observations. Wider binaries appear at values of the eccentricity mostly larger than 0.5 and reaching up to 0.99. From this figure we can conclude that binaries stemming from bound systems are in better agreement with observations than those formed in unbound systems.
SUMMARY AND CONCLUSIONS
Our main conclusions can be summarised as follows.
(i) After an extensive search of literature data we ended up with only 10 candidates to physical trapezia, 3 of spectral type O and seven of type B3 and earlier.
(ii) The available data included distances, masses for the primaries, and transversal velocities for the components.
(iii) Dynamical masses for the primaries (when available) were taken. Otherwise they were assigned from their spectral types, when available, or from their colours, appropriately unreddened. Masses for the secondaries were assigned from their unreddened colours.
(iv) Numerical N-body simulations were conducted for ensembles of 100 systems resembling each one of the trapezia. Radial velocities of a magnitude similar to the transversal velocities were randomly assigned.
(v) Most of the systems turned out to be unbound. Possible reasons include the inadvertent presence of unidentified optical companions, and an already dynamically evolved ("old") status for the systems, with one or more binaries already formed.
(vi) The lifetimes of the bound systems are short, between 10 000 and 20 000 yr. The unbound systems disintegrate in less than 10 000 yr. However, a large number of non-hierarchical -and hence unstable-triples survive even at 50 000 yr. The small numbers of trapezia found among the known O stars is suggestive of very short lifetimes for these systems.
(vii) The ejected stars show a velocity distribution with a shallow maximum around 2.5-3.5 km/s. They are low velocity escapers in all cases, that is, no runaway stars are formed.
(viii) A large number of binaries was formed during the evolution of both the bound and the unbound systems. The properties of these binaries, which would presumably end up as being part of the observed field wide binaries, show major semi-axes of a few hundreds to thousands AU, and eccentricities tending to thermal. Binaries from non-bound systems tend to have nearly circular orbits, those from bound systems show higher eccentricities. The properties of binaries formed in bound systems agree better with observations than those formed in unbound systems.
As stated in Section 2 above, the recent publication of the Second Gaia Data Release should be potentially important for studies of the kinematical and dynamical behaviour of trapezium systems. However, there are still a number of potential problems related to the treatment of close companions in Gaia, the possible presence of many undetected binaries, and the lack of radial velocities for early type stars. When improved data become available, this study, as well as our previous studies on the dynamical evolution of the Orion Trapezium (Allen et al. 2017 ) and of the minicluster Theta 1 Ori B (Allen et al. 2015) should be repeated. . Major semi-axes as a function of eccentricities for all the binaries formed in the numerical integrations. Very few binaries with eccentricities smaller than 0.2 are present among those formed in bound systems, a result in accord with observations. Dots correspond to bound systems and triangles to unbound systems.
